The natural history of pulmonary artery pressure and extrapulmonary shunting in acute hyaline membrane disease was studied by serial Doppler echocardiography in 57 preterm infants, 38 with, and 19 without, hyaline membrane disease. Pulmonary artery pressure was assessed non-invasively by its inverse relationship with the ratio of pulmonary artery Doppler time to peak velocity: right ventricular ejection time. The mean ratio was significantly lower in the infants with hyaline membrane disease. The mean ratio for each infant with hyaline membrane disease varied widely and did not correlate with criteria of maturity or severity of disease. Individual ratios correlated with arterial pH. Between 60-80 hours after birth, 14 of 18 infants with hyaline membrane disease (78%) and one of 19 without (5%) had patent ductus arteriosus. Left to right and bidirectional shunting at ductal and atrial level were common; pure right to left shunting was uncommon. The mean ratio seen with bidirectional shunting was significantly lower than that seen with left to right shunting. Ratios and patterns of extra pulmonary shunting were similar when the fractional inspired oxygen (FI02) was >0*9 compared with when it was <09.
Early studies implicated persistent pulmonary hypertension that leads to right to left shunting of blood through extrapulmonary channels in both the pathogenesis of hyaline membrane disease and as a factor contributing to the subsequent hypoxaemia.' Subsequent studies using direct2 and indirect3 methods of assessment showed that raised pulmonary artery pressure was a consistent feature of severe hyaline membrane disease. Catheter studies, however, have shown that in most infants less than 10% of total right to left shunt occurs through extrapulmonary channels. 4 5 Tolazoline used as a pulmonary vasodilator leads to improvement in oxygenation in some infants with severe hyaline membrane disease,6 but has a high incidence of serious complications.7 There is a need therefore to be able to diagnose those with appreciable right to left shunting through the ductus arteriosus and foramen ovale so that we can identify those who are most likely to respond to pulmonary vasodilators. 8 Doppler echocardiography provides a noninvasive means by which to assess pulmonary artery pressure and extrapulmonary shunting. The ratio of pulmonary artery time to peak velocity: right ventricular ejection time (TPV:RVET) as measured from the Doppler waveform, has a close inverse correlation to pulmonary artery pressure.9 This method has two main advantages over the right ventricular systolic time intervals derived from M mode echocardiography that were used in other indirect studies of pulmonary artery pressure in hyaline membrane disease. 3 Firstly, in validation studies it has shown much closer correlation to pulmonary artery pressure.9 1o Secondly, Doppler echocardiography permits us to study blood flow patterns through the ductus arteriosus and foramen ovale at the same time as making an indirect assessment of pulmonary artery pressure. To our knowledge such Doppler studies have not previously been undertaken in hyaline membrane disease. The aim of this study therefore was to use these methods to compare the natural history of pulmonary artery pressure and extrapulmonary shunting in preterm infants with and without hyaline membrane disease. In this paper we looked specifically at the results during the acute phase of hyaline membrane disease; subsequent measurements taken during the recovery phase will be reported separately.
Subjects and methods All infants were studied with an ATL Ultramark 4 scanner with range gated pulsed wave Doppler. Two dimensional imaging was done with a 7-5 MHz transducer incorporating a 5 MHz pulsed Doppler crystal.
The procedure for each study was as follows: the pulmonary artery was visualised from the parasternal long axis view. The Doppler sample volume was placed just distal to the pulmonary valve and the pulmonary artery velocity pattern was recorded. The pattern was frozen on screen and the time intervals measured using the incorporated Doppler measurement calipers; a print was then taken. TPV was measured as the time interval between the systolic Doppler waveform leaving the baseline and reaching its peak velocity. RVET was the time interval between the systolic waveform leaving its peak velocity and returning to the baseline. A mean of three systolic waveforms was taken. A second 'blind' observer repeated the measurements on 50 of the Doppler prints using a computer digitiser system. The correlation coefficient between 'on line' and 'blind' measurements was 0-92. Fifty seven preterm infants were studied, 19 healthy infants without hyaline membrane disease and 38 infants with hyaline membrane disease. The healthy infants had a mean gestation of 31 8 weeks (range 28-34) and a mean birth weight of 1610 g (range 950-2050). The healthy infants had minimal or no extra oxygen requirements; two infants were initially placed in low concentrations of oxygen, but both were weak but significant correlation with the most recent arterial pH (r=0-24, p<0 01).
DUCTUS ARTERIOSUS
The incidence of ductal closure with age is shown in the two groups of infants in (fig 3) : left to right, in which flow was left to right through the cardiac cycle; an early systolic cessation of flow as seen in fig 3 was often a feature of this pattern; bidirectional, in which early systolic flow was right to left with a variable degree of late systolic and pandiastolic flow was from left to right; and right to left, in which flow was in this direction through the cardiac cycle. In the infants without hyaline membrane disease, the flow was left to right in all but five of the nine studies done in the first eight hours, when it was bidirectional. Within the first 19 The matching of atrial and ductal patterns of shunting in studies where both were satisfactorily recorded is shown in table 6. In studies where ductal shunting was left to right or bidirectional, 21 of 34 studies (62%) showed identical patterns of atrial shunting. In the one ductal study with right to left shunting where the atrial shunt was also recorded the atrial flow was also right to left. (FIO2 >09) The data were analysed separately in the 28 studies in which the F102 was >0 9. The mean (SD) TPV:RVET ratio in this group was 0 25 (0-04), which was identical to the mean in the studies in which the FI02 was <0 9-that is, 0 25 (0-05). Ductal patency and flow were recorded in all 28 studies: five (18%) were closed, 12 (43%) showed left to right flow, 10 (36%) showed bidirectional flow, and one (4%) showed right to left flow. Interatrial Doppler flow was satisfactorily recorded in 15 of these studies: six (40%) showed left to right flow, eight (53%) showed bidirectional flow, and one (7%) showed right to left flow.
Two infants in this group received intravenous tolazoline; both had been studied in the 12 hours before receiving the drug. One responded with a fall in FI02 from 1-0 to 0-8. The most recent TPV:RVET was 013 with obvious right to left components to bidirectional shunting at ductal and atrial level. The other did not respond. The most recent TPV:RVET was 0-27 with left to right shunting at ductal and atrial level. Neither infant was studied at the time that the drug was given.
Discussion
Our results show that indirectly measured pulmonary artery pressure remains significantly higher in preterm infants during the acute phase of hyaline membrane disease than in those with no respiratory problems. This is consistent with the findings of previous authors who used both direct and indirect methods to assess pulmonary artery pressure in infants with severe hyaline membrane disease.2 3 Moss et al using direct measurements within 48 hours of birth, found a mean pulmonary artery pressure of 45 mm Hg in infants with hyaline membrane disease compared with 32 mm Hg in those without2; in those with hyaline membrane disease pressures varied between 28 and 58 mm Hg. In our study the suggested pulmonary artery pressure also showed a wide degree of variation among infants, with the lowest pressures well within the normal range. Unlike Halliday et al,3 however, we found no correlations between indirectly assessed pulmonary artery pressure and indices of infant maturity or disease severity. It another correlated higher metabolic concentrations of the dilator prostacyclin with increasing severity of respiratory disease.'6 It may be that the balance between dilator and constrictor prostaglandins determines the variable pulmonary artery pressure observed in the infants in this study.
In healthy preterm infants the ductus arteriosus usually closes within the first three days of life. '7 This study shows that 80% of infants with hyaline membrane disease have patent ducts throughout the acute phase of the illness. Thus it seems that respiratory disease is an important factor in the development of prolonged ductal patency. Hypoxia, and possibly increased levels of ductal dilatory prostaglandins,'8 may combine with reduced ductal muscle mass and reduced oxygen induced vasoconstriction,19 to maintain patency in these preterm infants. This study did not attempt to correlate ductal patency with physical signs. Anecdotally, however, we have observed that murmurs were present in only a few cases and were usually associated with high velocity turbulent left to right shunts, often through a quite constricted duct.
Bidirectional flow through the ductus is seen when pulmonary artery pressure is slightly less than aortic.20 The early systolic right to left flow is probably a reflection of two factors. Firstly, that proximity to the heart means that pressure rises earlier in systole at the pulmonary than at the aortic end of the duct. Secondly, the fact that in pulmonary hypertension systolic pressure may rise relatively more than diastolic, producing a peak pressure briefly in excess of aortic peak pressure.20 This study has shown that as pulmonary artery pressure rises so the duration of right to left flow increases. When pulmonary artery pressure is less than aortic throughout the cardiac cycle, so the flow will be left to right. This pattern was seen in most of the studies throughout the acute phase of hyaline membrane disease; mean TPV:RVET was significantly higher than in those with bidirectional flow. There was a considerable degree of overlap suggesting that pulmonary artery pressure may not be the sole determinant of flow pattern. Relative aortic pressure is important as well as the size of the duct and resistance to flow; almost all the ducts with bidirectional flow were widely patent. High pulmonary pressure is not always associated with a patent duct, however.
Low TPV:RVETs were seen when the ducts were closed.
Pressure differences between the atria through the cardiac cycle are complex and have been well documented in children with atrial septal defects.2' In these children maximum left to right shunting occurs in late ventricular systole and early diastole, and in almost all cases there are two periods of minimal or right to left flow: firstly, after the atrioventricular valve has opened in mid to late diastole and, secondly, at the onset of ventricular contraction in early systole. The Doppler patterns correlate closely with this, though the right to left flow in early systole was less commonly seen. With higher right sided pressures, the right to left flow in late diastole and early systole merged to produce a more bidirectional pattern. We confirmed that a small amount of right to left flow occurs across atrial communications even when the right sided pressures are normal.
In this study, we have looked at patterns of flow and did not attempt to calculate extra pulmonary right to left shunt size or its contribution to systemic hypoxia. This study has shown, however, that even when the F,02 was more than 0'9, 60% of examinations showed either no flow or left to right flow through the duct, and 40% showed left to right flow at atrial level. In the remainder the right to left flow occupied only a small part of the cardiac cycle. We therefore confirm previous studies that showed that the main site of right to left shunting in most infants with hyaline membrane disease is probably intrapulmonary.4 5 A small proportion of infants show appreciable extra pulmonary right to left shunting, particularly during the first 48 hours, and it is likely that these are the infants who will produce the best response to pulmonary vasodilators.8 Identifying these infants using clinical variables is not possible.
We hope that the methods described in this study will identify those that are most likely to respond to pulmonary vasodilators and might also make further investigations of the haemodynamic effects of these drugs in hyaline membrane disease easier.
